Two hundred patients were interviewed before and after elective bronchoscopy or laryngoscopy. Premedication consisted of pethidine together with either atropine or hyoscine. Anaesthetic drugs were restricted to thiopentone and suxamethonium. Eight patients (4%) described some degree of awareness. No statistically significant correlation with awareness was demonstrated for the premedication, the sex, or the weight of the patients, but awareness was more common in the younger age group. Awareness could not be related to the size of the induction dose of thiopentone, the use of a "single shot" technique, or the use of incremental injections, duration of anaesthesia, dosage calculated in mg/kg/min, the use or not of local anaesthetic spray, or the status of the anaesthetist. Awareness during the apnoeic oxygenation technique is only a particular instance of the general problem of awareness during anaesthesia. Probably the most significant hazard is overhearing conversation. Whenever possible comments during the procedure about pathology and prognosis should be avoided.
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Awareness during general anaesthesia is not a new problem. In particular the use of the apnoeic oxygenation technique with general anaesthesia for endoscopic procedures on the respiratory passages is known to be associated with an appreciable frequency of complaints of awareness. This complication is well known but poorly documented.
The purpose of the present study was to investigate the frequency of occurrence of awareness associated with the apnoeic oxygenation technique in our hospital and to assess the value of hyoscine premedication in preventing the awareness.
METHOD

Patients
Between February and October 1971 we attempted to include in this survey all patients who underwent elective bronchoscopy or direct laryngoscopy for which the apnoeic oxygenation technique was employed. The criteria for inclusion in the study were: that one of the authors was available for preanaesthetic interview of the patient; that the patient could communicate adequately in English; that the patient was healthy enough to be given a standard premedication; and that no surgery was required additional to the endoscopic examination such as would necessitate modification of the anaesthetic technique. The study was concluded when a total of 200 patients who fulfilled these criteria was reached.
Anaesthesia.
Following the preanaesthetic interview of patients accepted for the study the ward resident medical officer ordered the premedication. Every patient was given pethidine 1 mg/kg together with either atropine 0.6 mg or hyoscine 0.4 mg by intramuscular injection approximately 1 hour before anaesthesia. The drugs given for premedication were recorded separately from the patient's clinical notes. Atropine or hyoscine were given in strict succession to the patients in each ward. The patients were widely scattered, coming randomly to theatre from 8 separate wards. Neither the patients, the anaesthetist nor the interviewer knew which drugs had been given for premedication.
Anaesthesia was provided by all members of the department from consultant to resident medical officer in the course of their normal duties.
Irrespective of the individual anaesthetist, the anaesthetic technique was similar. This consisted of preoxygenation for several minutes, followed by intravenous injection of thiopentone and suxamethonium. Lignocaine solution 4% was sprayed on the vocal cords and within the trachea. A size FG14 Portex catheter was passed to the level of the carina (Cheatle and Chambers, 1955) . Oxygenation was maintained by passing a flow of oxygen of 5-8 l./min through the carinal catheter. Intermittent intravenous injections of thiopentone and suxamethonium were given according to the clinical judgement of the anaesthetist. The only variation on this basic technique was omission of topical analgesia in 44 patients. Occasionally the oxygen delivery tube was attached to the side arm of the bronchoscope (Butt, 1952) or intermittent ventilation was achieved using oxygen delivered through an endotracheal tube pushed into the bronchoscope (Churchill-Davidson, 1953) .
Each anaesthetist recorded the following information on a special form: the induction dose and the incremental doses of thiopentone and suxamethonium; the indications for giving incremental doses; whether atropine was given intravenously and the reason; and the duration of the anaesthetic. Other relevant comments were recorded.
Patient interview.
Each patient was interviewed by one of the authors preoperatively and again between 6 and 24 hours after operation. The interviewer was never present during the anaesthesia. At the preanaesthetic interview information was sought about previous history of general anaesthetics, the patient's knowledge or understanding of anaesthesia and the source of this information, current medication, tobacco and alcohol consumption, and emotional state.
At the postoperative interview each patient was asked if the anaesthetic experience was a pleasant one and, if not, to elaborate. He was asked if he would have any objection to a similar anaesthetic if it proved necessary. He was asked to recall the last events before going to sleep and the first event remembered on awakening. A description of dreams, if they occurred, was requested. Other relevant comments were invited.
The interview forms and anaesthetic records were not matched until the conclusion of the study.
RESULTS
Incidence of awareness.
Eight patients (4%) reported some degree of awareness (case reports in the Appendix). The major events recalled were: a feeling of something in the mouth or throat; hearing conversation; inability to move or breathe; and pain in the chest.
Sex incidence.
Three of 145 males and 5 of 55 females reported that they had been aware at some stage during the examination procedure. This difference is not significant at the 0.05 level but is sufficiently close (P=0.067) to be suspicious.
Effect of premedication.
Six of 106 patients (53%) who were given atropine premedication and 2 of 94 patients (47%) who were given hyoscine reported awareness. These differences are not statistically significant.
Effect of premedication in each sex.
Awareness was not reported by any of the 65 males who were given hyoscine, but was by 3 of 80 males given atropine (table I) . This difference is not of statistical significance. 
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Age.
The patients' ages ranged from 17 to 83 years, most being in the older age groups. The frequency with which awareness was reported appeared to be greater in the younger age group. Thus of 145 patients over 50 years, 4 reported awareness, whereas in those below 50 years there were 4 cases of awareness among 55 patients. (table II) 
Previous general anaesthesia.
One hundred and forty-eight patients (74%) had been given a general anaesthetic previously, including 7 of the 8 patients who reported awareness. The proportion of complaints is not significantly greater than in the group of patients who had not been given an anaesthetic on a previous occasion.
Anaesthetic factors.
Dosage of thiopentone. The induction dose ranged from 2 to 10 mg/kg (table IV) . There was no correlation between induction dose and report of awareness. Of 105 patients given a single dose of thiopentone, 7 reported awareness. Of 95 patients given incremental doses, 1 reported awareness. This difference is not statistically significant (P-^-0.09).
The total dose ranged from 200 to 975 mg (table  V) . Not surprisingly, awareness was significantly less common after the higher total doses. The time from induction of anaesthesia to removal of the instrument varied from 2.5 to 25 minutes (table VI) . There was no correlation between duration and the occurrence of awareness. When the total dose was calculated in relation to body weight and duration of the procedure, this was found to range from 0.2 to 2.7 mg/kg/min (table  VII) . There was no statistical correlation with awareness. The status of the anaesthetists had no statistically significant effect on the incidence of awareness (table  VIII) , nor had the omission in 44 patients of the local analgesic spray, 2 of whom reported awareness. Miscellaneous observations. Five patients (3 females, 2 males) gave a history of having been aware during previous general anaesthesia. These patients contributed a total of 9 separate incidents of awareness, 8 of which occurred during bronchoscopy or laryngoscopy (details in the Appendix). None complained of awareness during the present study.
Only 6 patients described dreaming during the anaesthetic. Of these, 4 males had atropine premedication and 2 females both received hyoscine. None of the dreams was related to the anaesthetic or endoscopic examination and none was described as unpleasant. Seventeen patients, 10 of whom had been given hyoscine and 7 atropine, had no memory of induction of anaesthesia.
Only 5 patients were given atropine intravenously during the procedure; 3 had been given hyoscine and 2 atropine. In each case the indication was bradycardia. One patient (premedicated with hyoscine) was noted to have excessive secretions, but no drug treatment was given.
The commonest indications for incremental doses of thiopentone were the passage of time, movement of the limbs, "mouthing" on the endoscope, respiratory movements, lacrimation, pupillary dilatation and/or brisk pupillary reflexes.
There were no deaths and no complications up to the time of the postanaesthetic interview. One man (aged 74), premedicated with hyoscine, was confused and mildly hallucinated for approximately 3 hours after operation.
DISCUSSION
The possibility of awareness during general anaesthesia has been well documented, notably by Hutchinson (1960) . Factors involved in awareness were reviewed by Waters (1968) and Holmes (1970) .
Awareness may occur in many circumstances. It may be unexpected and inexplicable (Bahl and Wadwa, 1968) , there may be faults in equipment (for example, inaccurate flowmeters) or errors of technique (such as delay in establishing adequate levels of nitrous oxide following intravenous induction). Deliberately ultralight anaesthesia may be used in very ill patients, to avoid foetal depression in obstetrical cases (Wilson, 1969) and to guarantee rapid recovery of protective reflexes. It is the last of these considerations which may lead to problems arising in connection with bronchoscopy and laryngoscopy. Safety considerations demand that there should be a rapid return of protective reflexes so that increased secretions, copious sputum and postbiopsy bleeding do not constitute a serious hazard.
The attempt to balance the requirement of adequate narcosis and rapid recovery following bronchoscopy leads to a risk of awareness. This has in the past been regarded by many as unavoidable and acceptable (Boulton, 1963; Brown and Young, 1959; Fairlie, 1956) . Of these authors only Fairlie gives figures. In his study using the thiopentone/ suxamethonium technique, 40 patients of 130 "remembered something"; 7 of these considered the experience unpleasant. Fairlie made the interesting observation that there was little relationship between suspicion by the anaesthetist of possible awareness and the complaint of awareness by the patient. He did not describe the premedication used in his series.
The 4% incidence of awareness in our study compares with Fairlie's figure of 5.5% but is likely to be a falsely low result. All the anaesthetists were taking an active part in the investigation and there was probably a tendency to increase the thiopentone dosage.
The type of awareness is of particular interest. Only 1 patient complained of pain but 3 were able to recall accurately fragments of conversation directly related to their endoscopy.
Because of the low number of "positive cases", interpretation of most of the tabulated results is difficult. In contrast to Sia's (1969) suggestion, there was no correlation between previous general anaesthesia and awareness. A larger series may well demonstrate a higher incidence of awareness in females. Similarly, although we did not show that useful amnesic effect was obtained by the use of hyoscine in premedication, a larger survey might substantiate the impression of amnesic protection, particularly in males. The incidence of anterograde amnesia following intramuscular hyoscine has been reported as much less than 25 % (Pandit and Dundee, 1970; Feldman, 1963; Hardy and Wakely, 1962) . Intravenous premedication with hyoscine, especially combined with diazepam, is much more effective (Pandit, Dundee and Keilty, 1971 ). Crawford and associates (1969) report the results of intravenous injection of hyoscine during anaesthesia for Caesarean section in order to reduce the incidence of awareness. Hyoscine can produce confusional states, particularly in elderly patients (Lee, 1968) . Although this occurred in only 1 of our patients, another investigation is planned to study the value of diazepam rather than larger doses or intravenous administration of hyoscine.
The present study has demonstrated how difficult it is to decrease the risk of awareness with the thiopentone/suxamethonium technique combined with apnoeic oxygenation. Obviously awareness could be eliminated by choosing a sufficiently large dose of thiopentone. But the core of the problem is to select a dose and technique of administration sufficient to maintain unconsciousness whilst permitting rapid recovery from anaesthesia for a highly stimulating procedure. An added difficulty is the wide variation in the duration of the endoscopic examination which may be terminated or prolonged without any prior warning.
The anaesthetists involved in this study were not requested to use a standardized dose or rate of administration of thiopentone. Figure 1 depicts the lack of correlation between thiopentone dosage and the duration of the procedure. Clinical judgement alone is the basic requirement in the selection of appropriate doses. As with Fairlie's (1956) series, there was no correlation between recall by the patient and suspicion on the part of the anaesthetist that the anaesthesia was too light. The required clinical judgement is not necessarily most obvious in the most experienced anaesthetists. In preventing awareness our consultants fared no better than their juniors With improved equipment, the apnoeic oxygenation technique is likely to go out of favour in the next few years. Venturi ventilation methods will probably still rely on the thiopentone-relaxant form of anaesthesia and the problem will be the same. The jet principle has been modified to provide oxygen without air entrainment (Komesaroff, 1973, personal communication) . Techniques of this type permit ventilation with mixtures of oxygen and nitrous oxide (Carden, 1972, personal communication) . Small-diameter flexible fiberoptic bronchoscopes may be passed down a normal-sized endotracheal tube. Again in these circumstances a nitrous oxide and oxygen or halothane and oxygen mixture may be employed for maintenance of anaesthesia. Even so, the desire for rapid recovery of reflexes may still lead to an awareness problem. Probably the chief significance of this study is the nature of the awareness which was reported. The most important feature recalled was conversation heard in the operating theatre. One patient remembered the phrase "there is a mass down there". Another heard talk about "a new instrument they had just bought". A third recalled a reference to "something in the left side". These were all accurate recollections of conversations in the operating theatre.
Bronchoscopists and interested bystanders in the theatre should be aware of this problem. Conversation in the theatre should be in low tones. In a teaching situation, consideration should be given to fitting the patient with earplugs. Whenever possible comments during the operation regarding pathology and prognosis should be avoided.
APPENDIX
Patients with a history of awareness.
(a) 40-year-old bank officer. Drinks 2 bottles of beer a day. Appendicectomy in 1967. He remembered waking up and seeing a bright light. A female voice said "when did you notice that his pulse had stopped?" Tried to move but was unable to. Felt frightened but no pain. Examination of larynx under general anaesthetic in 1971. Woke up and heard a voice saying 'looks like he has another polyp", felt something in his throat, tried to move his aim and was unable to. Woke again in recovery room.
On interview he was calm and did not appear concerned.
(b) 51-year-old business manager. Non-drinker. Previous anaesthetics for herniorrhaphy, 3 bronchoscopies. Five years ago, during one of the bronchoscopies, he felt a tube going down his throat.
Calm on interview.
(c) 37-year-old female driving instructress. Heavy alcohol intake. This patient has Kartegener's syndrome and has had more than 30 bronchoscopies. She claims to have been awake on 4 occasions. Three times she felt the bronchoscope, heard the surgeon speaking, was unable to breathe or move, and felt frightened. Another time she was "apparendy given curare". She felt paralysed and thought she was going to die.
On interview she was understandably nervous about the forthcoming anaesthesia.
(d) 28-year-old female bank clerk. Non-drinker. Previous thoracotomy for bronchiectasis and one previous bronchoscopy. During die bronchoscopy she tried to sit up. She was unable to remember whether this was at the beginning or the end of die procedure.
(e) 49-year-old female farmer. Non-drinker. Has had numerous bronchoscopies which she found unpleasant as she always woke up coughing. During one of these examinations she felt a tube going down her throat but it was long ago and she could not elaborate further.
Awareness incidents during present study. The anaesdietist commented diat die patient was awake very soon after the end of die bronchoscopy.
Postanaesthetic interview. He commented that the anaesdietic was pleasant and he had no objection to a similar one but would prefer ro be asleep next time! He recalled the oxygen mask on his face and die needle in die back of, his hand. He was then asleep. The next diing recalled was hearing a voice say something about "die left side and die right side" and he felt somediing moving inside the left and right side of die chest. He tried to move but was unable to, and diought he was suffocating. Attempted to signal diat he was awake but was unable to. Later he felt a tube being removed from his moudi. Induction: thiopentone 300 mg, suxamethonium 100 mg. Duration 5 min.
Postanaesthetic interview. She said the anaesthetic was very pleasant; however, she would not like to have anodier similar one because she wasn't asleep! She remembered die face mask and die intravenous needle, dien die bronchoscopist's hand on her throat, as well as something else inside her throat. She was frightened and tried to move but wasn't able to. Later she remembered opening her eyes and die bronchoscopist asking whedier she was all right. (Anaesdietist: Registrar.) (6) 57-year-old housewife, 75 k?. Previous anaesdiesia for lung surgery in 1949. Non-drinker. Calm on preanaesthetic interview. Atropine premedication.
Induction: thiopentone 375 mg, suxamethonium 100 mg. Increments: diiopentone 62 mg (indication: limb movement), suxamethonium 100 mg (indication: respiratory movement). Duration: 10 min.
Transient bradycardia noted but not treated. Postanaesthetic interview. She diought die anaesthetic was a pleasant one and would have no objection to a similar anaesthetic. She commented diat as she was going to sleep she heard conversation relating to "a new instrument diey had just bought". Later she felt something in her diroat. Aldiough she felt her throat was being obstructed she was not afraid and did not try to move. The next diing she remembered was being "'heeled from the operating dieatre. (Anaesdietist: Registrar.) (7) 29-year-old housewife, 59 kg. General anaesdiesia for D&C 7 years previously and a bronchoscopy 2 months previously. Drinks an occasional glass of wine. Calm on preanaesdietic interview. Hyoscine premedication.
Induction: thiopentone 300 mg, suxamethonium 100 mg. Duration: 10 min. Postanaesthetic interview. She described the anaesthetic as pleasant and would not object to a sitnilnr one again. She remembered the face mask and the needle in the back of her hand. She felt -something in her throat and was unable to breathe or move. She wasn't sure about this and thought she might have been dreaming. The next thing she recalled was coughing in the recovery room. (Anaesthetist: Registrar.) (8) 67-year-old housewife, 50 kg. Previous anaesthesia for a D&C many years ago. "Occasional drinker". Calm on preanaesthetic interview. Atropine premedication.
Induction: thiopentone 300 mg, suxamethonium 100 mg. Increments: 2 increments each of suxamethonium 50 mg (for both the indication was abdominal movement). Duration: 15 min.
Postanaesthetic interview. The anaesthetic was pleasant and there would be no objection to a similar one. She remembered the intravenous needle and was then asleep. Then she felt as if someone was holding her neck and also thought she heard talking but was unable to recall what she heard. Later she found herself in the recovery room. (Anaesthetist: Registrar.)
BOOK REVIEW
Clinical Application of Blood Gases. By Barry A. Shapiro.
Published by Year Book Medical Publishers, Inc. Distributed in the United Kingdom by Lloyd-Luke (Medical Books). Pp. 210; indexed; illus. Price £5 One has both sympathy and admiration for a person who attempts to write a short book setting out a simple account of respiratory physiology linked to a logical interpretation of blood-gas estimations and acid-base status. This resultant book is interesting to read but possesses the inevitable drawbacks of having tried to satisfy a readership of widely disparate skills and knowledge. Thus, purists may object to certain statements of principles of physical chemistry and to such overstatements as "(there is) ... no blood flow" to the upper third of the lungs. On the other hand, there may be others who will still find some of the concepts diffkult.
Accepting that it is justifiable to cut some corners radically in order to arrive at one's goal, this book deserves considerable praise though tempered owing to a terminological usage which must surely cause confusion.
The author means by "ventilatory insufficiency" something completely different from "ventilatory failure". "Ventilatory insufficiency is defined as the presence of alveolar hypoyentilation." "Ventilatory failure is defined as the condition in which the lungs are unable to meet the metabolic demands of the body as far as carbon dioxide homeostasis is concerned." Thus, apparently, normal ventilation is a state between insufficiency and failure. This is, intellectually, an unhappy use of terms. Nevertheless there is much sense in the author's analysis of the interpretation of Pco2 and acid-base status. It is both enjoyable and stimulating to read.
The book is very well produced and wonderfully free from technical errors and misprints. It is recommended both to those who wish to learn something about the subject and to those who are already knowledgeable. It should not, however, be swallowed without a certain amount of salt for mild dysphagia and indigestion might otherwise ensue.
E. A. Cooper
